Diaphragms made of stainless steel plates are widely used in switching parts in electrical devices, which control on/off of the electric supply of electric devices. However, there are many geometrical parameters for designing diaphragms such as height, diameter, and so on. The aim of the study is to estimate effects of the design parameters on click characteristics of diaphragms based on FEM. In the numerical analysis, the residual stress generated in the press forming has been investigated, and the click characteristics such as load and click ratio were estimated with the numerical model by changing the geometry of several diaphragms. Finally, the relationship between design parameter and click characteristics was defined as 'design space', and we could obtain the designable area by controlling the design parameters. Furthermore, if the diameter of a diaphragm was changed, we could choose the diaphragm by controlling the design parameters based on the proposed designable area. From these results, the proposed design space is useful for the estimation of the designable region of diaphragm considering click characteristics.
Introduction
Nowadays, electronic devices such as telecommunication equipment are becoming smaller and more functional. A push momentary switch is one of the components to be used widely in mobile communicational apparatus, audiovisual apparatus and so on. The switch is also required to become smaller, lighter in weight, and thinner recently. Inside the switch, a metal diaphragm, as shown in Figure 1 , is used as a connecting part which controls on/off of the electric supply. Diaphragm has a special characteristic that it can give user a positive feedback when it is clicked, as a result, even without visual confirmation user can know whether or not diaphragm is touching the panel. The evaluation of click characteristics is very important in designing diaphragm.
The click characteristics and touch feeling of diaphragm can be described as a feeling curve which means the relation between reaction and displacement of a diaphragm, as shown in Figure 2 . The force increases during clicking process. After the force reaches the maximum value, the buckling phenomena of diaphragm appears. The load (P2) means the state when diaphragm contacts with the ground. The click characteristic of diaphragm can be evaluated quantitatively as the parameters of 'click ratio' and 'Load max'. The load max (P1) shows the biggest force in click process and the click ratio is defined as Eq. (1) (1) . The diaphragm with high click ratio and high load max may induce the sharp touch-feeling and decrease the probability of miss operation. However, the requirement of click characteristics is various due to the culture, age, physique, etc. It is not important to find the optimum value of click characteristics, but it is important to catch the designable range of diaphragm which satisfies user requirements. Therefore, it is necessary to estimate the effects of design parameters on click characteristics for diaphragms.
There are many reports about the mechanical behavior of elastomeric keyboard rubber diaphragms (2) - (4) . Studies on the development of design system for keyboard rubber diaphragm using the database and nonlinear programming also have been reported (3) , (4) . In the case of metallic diaphragms, the click characteristic is affected by the residual stress due to the manufacturing process of diaphragms (1) . The diameter of actuator also affects the click characteristics (5) . Furthermore, the evaluation method of fatigue characteristics of thin plates for diaphragms considering an effect of anisotropy has been developed because the cyclic loading is applied to the diaphragm (6) . The fatigue lives considering failure probabilities on the diaphragms has been estimated by comparison of Goodman diagram with FEM analysis (7) , (8) . However, there are many geometrical parameters for design of diaphragms such as the height, diameter, and so on. The effects of the design parameters on click characteristics have not been investigated completely. Figure 3 shows the manufacturing process of diaphragm. The thin plate made of stainless steel is stamped out to the required geometry, and inserted between punch and die, and then the press forming is carried out and the residual stress is generated in diaphragm. The click characteristics of diaphragm are influenced by the shape of mould (a punch and a die) and residual stress. It is difficult to estimate the effects of residual stress on click characteristics by using experimental method.
The aim of this study is to estimate the effects of design parameters on click characteristics of diaphragms based on FEM. In the numerical analysis, the residual stress generated in the press forming is investigated, and the click characteristics such as click
Load min ratio and load max are estimated with the numerical model by changing the geometry of several diaphragms. Finally, the relationship between design parameter and click characteristic is defined as 'design space', and the designable region of a diaphragm considering the clicking characteristics is estimated. Figure 4 shows the shape of the thin metal plate before forming and cutting, and the finite element mesh. Considering the symmetry of the geometry and the load, 1/4 of the diaphragm is taken as the numerical model. The 8 nodes solid element mesh is applied to the model, and material properties of stainless steel are used based on the experimental results.
In this study, the numerical analysis consists of two procedures. Firstly, the forming process of making diaphragm is simulated using elastic-plastic FEM solver MARC. Secondly, the mechanical behavior of the diaphragm is estimated under pressing process based on the simulation results of making diaphragm, which contains the residual stress distribution. Figure 5 shows the procedure of forming analysis of diaphragm. As the initial state, the die is moved to contact with the stainless steel plate, and the forming load is applied to the punch. Then punch is moved closer to the die. After diaphragm deformed, the punch and the die are released from the diaphragm. 
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Forming process
Clicking process
The analysis of pressing process is carried out by using the model obtained from the forming process with the deformation and the residual stress. After forming analysis, high residual stress was generated in diaphragm, which is not stable. As a result, click process is carried out twice. Residual stress in diaphragm is considered to be redistributed after the first clicking process. From the second clicking, residual stress is considered to be stable, which is confirmed in both simulation and experiment. Therefore, in this paper, the pressing simulation consists two clicking process, and the data from the second process is used to evaluate the characteristic of clicking process. 
Effects of design parameter on click characteristics
Design parameter
In this study, effects of the geometry of mould on click characteristics are focused, and the geometry of punch is taken as design parameter. Figure 7 shows the cross-section of a punch. There are many parameters affecting the click characteristics of diaphragm. As the shape of diaphragm is mainly determined by the height and the cone angle at the edge, the height from the ground to the top of diaphragm and the diameter of the intersection of upper-sphere and lower-cone are taken as design parameters to evaluate the relationship between the design parameters and click characteristics of a diaphragm. In this study, the diaphragm of current size is defined as a standard model (S model). By increasing and decreasing parameter A (the height of a punch) based on S model, two models SA+ and SAare generated. In the same way, models SB+ and SB-are also generated by changing the diameter. The numerical analysis is carried out according to the forming and clicking process using these models. 
Click characteristics
The effect of height and diameter on load max is shown in Figure 8 . The vertical axis shows parameter A which means the height of punch normalized by the height of S model. The horizontal axis shows the parameter B which is the diameter of a punch normalized by the diameter of S model. The numbers in Fig.8 indicate the value of load max. The load max is also normalized by the value of S model. Figure 9 shows the effect of height and diameter on click ratio.
The load max increases with increasing of the height and decreasing of the diameter. On the other hand, click ratio shows opposite tendency. The click ratio decreases with the increasing of the height and decreases with the decreasing of the diameter. Hence, the relationship between load max and design parameters (height and diameter) is different to that of click ratio, which shows a trade-off relation. From the results, it is obvious that the diameter is the major design parameter as shown in Figs.8, 9 , and the click characteristics can be changed by controlling diameter. Therefore, SB-and SB+ models are selected in order to investigate the mechanical behavior under clicking process in detail. Figure 10 shows the numerical results of response curves which express the relation between load and displacement of SB-and SB+ models. The vertical axis is the load normalized by the value of S model, and the horizontal axis is the displacement divided by a parameter A of S model. Clicking behaviors of a diaphragm have been changed by controlling the design parameter. 
Stress distribution under clicking process
Figures 11, 12 show the distribution of principle stress for SB+ and SB-model under clicking process respectively. Each of the figures contains three states. The first one is initial state before clicking process, which shows the distribution of residual stress after forming process. High tensile stress area is shown at the edge of diaphragm. The second one shows that the reaction reached maximum under clicking process. The last state shows that the diaphragm contacted with the ground, when residual stress at the center parts has been released and the tensile stress became higher at the edge. Figure 13 shows the relation between stress distribution and deformation of the three states of SB-and SB+ model. The solid line indicates the displacement in Z-coordinate of cross section of diaphragm in Z-X plane as shown in Figs.11, 12 . The dash line shows the principle stress.
Deformation mode and stress distribution
High stress area appears at the edge of diaphragm due to large plastic deformation, and the high stress area of SB-model is larger than that of SB+ model. In the case of SBmodel, the reaction is higher than that of SB+ model in Fig.10 because it is difficult to deform the edge with high tensile stress. Therefore, the deformation type is quite different for SB-and SB+ model. The deformation can be defined into two types: one is 'local deformation' in case of SB-model as shown in Figure 14(a) , and the other is 'uniform deformation' in SB+ model in Figure 14(b) . It is obvious that the diaphragm with local deformation mode requires high reaction force. Therefore, the residual stress after forming process has big influence on click characteristics of diaphragms. 
Estimation of design space
Numerical results of load and click ratio with various parameters A and B
Numerical simulations with various value of A and B have been carried out to evaluate the relationship between the design parameter and click characteristics. Figure 15 shows the relationship between design parameter (A, B) and load max. The relationship between design parameter (A, B) and click ratio are also shown in Figure. 16. The value of both load max and click ratio are normalized by the value of S model. When the load is high, the deformation shows 'local deformation' type. In case that the diameter (design parameter B) increases and the height (design parameter A) decreases, the load max is reduced and the deformation is shifted to 'Uniform deformation' type. 
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Estimation of design space
When certain levels of load max and click ratio are given, the designable area is estimated by considering the effects of parameters (A, B) on clicking characteristics. Figures 17, 18 show the contour plots of load max and click ratio based on Figs.15, 16. If a user requires a diaphragm with the click characteristics that load max exceeds 1.00 and click ratio exceeds 1.00, the designable area can be obtained by overlapping two contour plots. Figure 19 shows the overlapped results of the two contour maps. The designable area is III region as shown in Fig.19 . From these results, we can obtain the designable area by controlling the parameter A and B if the certain levels of load max and click ratio are given. The relationship between design parameter and click characteristics of smaller diaphragm shows the same trend with current size diaphragm. The load max increases with the increase of parameter A, and the click ratio decreases with the increase of parameter A. It is possible to estimate click characteristics of diaphragm with different diameter using design space. Figure 22 shows the designable area of smaller diaphragm that load max exceeds 1.00 and click ratio exceeds 1.00. Figure 23 shows the comparison of designable area for current size diaphragm, smaller diaphragm based on Figs.19, 22. Designable area (VI) of smaller diaphragm is shifted to a lower range compared with designable area (III) of current model, and the designable area of smaller diaphragm is narrower than that of current diaphragm. From these results, if the diameter of a diaphragm is changed, we can choose the diaphragm that satisfies requirements by controlling the design parameters based on the proposed designable area. 
Conclusion
In this research, residual stress generated in the forming process of round type diaphragm is evaluated based on numerical analysis using FEM. And, the click characteristics such as click ratio and load max are estimated with the numerical model by changing the geometry of several diaphragms. Moreover, the relationship between design parameter and click characteristic is defined as 'design space', and the designable region of a diaphragm considering the clicking characteristics certain requirements is estimated. The concluding remarks are as follows.
(1) The effect of design parameter of the height and the diameter of a punch on click characteristics is evaluated under forming and clicking process. The load max increases with increasing of the height and decreasing of the diameter. The click ratio shows a trade-off relationship with load max. Especially, the diameter of a punch has high effect on click characteristics.
(2) The residual stress generated in forming process has big influence on the click characteristics of diaphragm. The diaphragm with high residual stress at the edge parts has a high reaction force, and shows local deformation mode. The diaphragm with smaller residual stress at the edge parts has low reaction force and shows uniform deformation mode.
(3) The relationship between the design parameter and click characteristics is defined as 'design space', and the designable area of a diaphragm is estimated by using the design space. We can get the designable area by controlling the design parameter if the certain levels of clicking characteristics (load, click ratio) are given. Furthermore, if the diameter of a diaphragm is changed, we can choose the satisfied diaphragm by controlling the design parameters based on the proposed designable area.
